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I FOREWORD

3 aENGINE AND AIRPLANE PERFORMANCE DATA
The engine and airplane performance provided in the main body

of this document is based on engine performance data received prior t-,
15 July 1966.

The RFP provides for firm technical engine data to be mbmitted

I on 8 August 1966. The predicted effect of this data is of interest to

the readers of this document. Accordingly, an addendum summarizing

the effect of the 8 August 1966 engine performance on the B-2707 BST

has been inaerted into the following documents:

V2-B2707-3 Aerodynamic Design Report

V2-B2707-12 Propulslon Report - Part A

4V4-B2707-1 Operatioal Suitability Report

V4-B2707-4 Airport and Community Noise Program

3 The performance information contained in the Summary document,

the Model Specification, and the Statement of Work ti based upon the

8 August 1966 firm technical data.

i
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The Airport and ComMunity Noise Program ig etitosspcfcly h -77wlcalled for by pAA Request for proposal for roeathen fleiialy t I-20 wl
Phase Ml of the SST Development program. poietefeiiiyt.The Airport and Community Noise Program is a. Meet FAA objectives of lIOPNdB, at the3part of Vol. IV, Systems Integration. The arotadl5~Bi h omnt unj 5 urp o e of thi doc m ent Is:takeoff and lim b o ut.

ILa To present the airport and commfunlity b. Meet the pAA objective of l8PNdB in3noise characteristics of the B-2707 airplane the community during landing approach.Uwith each Of the offered engines installed.

b. To pesent he aftort arC. dMmnt alntaln low noise levels during ramp
noise characteristics of the B-2707 airplane adtx prtoswith a Boeing Jet suppressor Installed on each Raiigteiprac ffrhrnierdcof te ofere engnestIns Boeing is otinnieg an intensive re aercbc, T prsegthe oeig pedicion ofand development effort to -provide ulore effeative

thTersn teBen reito.o means ofnois upresslon. Some of the resut

4 U It will Include a discussion of the effects of noise- q~r~s on- doxt re on Astalle 4* se a - A do lr-it-j,-nis d

wor TO present an airport and cc-sm uity iep rt may2 07 3, bef u d I erodymmarr Designnoie atiitis pogamwit dtaiedactivities (GE), V2-B2707-4. Airphing q. rfor anceWDkPlan tasks and schedules, to satisfy the (WAV-204adOperfatiweiaiiyRIFP, Sec. 5-1V-A. 24d and e. V4-BW 07, B2n 76 whic Oprstina ~ial~ity.
integrated with engine noise characteristics, andThe excellent low-speed flight characteristics In the Phase 11-C sdyreportA mOf the .B-2707 together with -the -high thrust-loading 0 8tlUilbty iiilAsia, inwhich noise ontours havand ois su pre sion cap bilt~e of he rop l-. been applied to Specific airports. Noise allevia-Sinsystem, provide great flexibility to the oper- to ymaso ipaedsg sdsusdI

atorIn dapingto he vrios arpot niseSystem Engineering Report, V2-B2707-1.

W4-127011-4
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i 2. 0 B-270O7 NOISE CHARACTERISTICS

I The nos niomn tteairport and the engine exhaust nozzle aofigurations: 1). The
community during takeoff, departure, landing donfiguation offered by the engine contractor
approach, gr~ound, oerations, and maintenance ant! 2) an advranced suppressor confIguration
has been predicted by comblytinr GF4/J5? and to be mAe available by Boeing for the B-2707.
P&WA JTF 17A-21fl engine noise characteristics In astbahn the noise environment of theI with the performance characteristics of. the B-2701 Boeing has also included the Inlet noise
B-2707. The predicted noise characteristics suppression achieved by use of the Boeing designed
of each engine have been based on two different sonic inlet.

Tabi. 2-A. Alrp~ort andi Community Hoise L~v.Is with Engin* Menufoctuwrs J4Pf Suppression

TAKEOFF' FIELD ALTITUDE. AIRPORT NOISE, 0 COMIMNITY NOISE, 4
WEIGHT, TEMP. NO 11BP1d

-1,000 LB 8_ 92M0 T; B-2707r1IIV _AV IT __

-- -MAXIMUM TEO TAKEOFF- MSEATEMITCLIMMUT -

675 590F 0 117.0 121.0 105.0 10

675 520 F Z000 116.5 120.5 108.0 104.0
675. 4000 1120.M0 11. 110

__________ *ART POWER TAKEOFF -11NOSE ABATEMENT CUIBOT
DOMESTIC1- j - -37559OF j 0 115.0' 117.0 1102.0 99.0

575 8PF 0 114.5 116.5 107.0 105.0Ii575 520F 2,000 115.5 116.5 105.0 104.0
U575 45*F 4,000 114.0 j116.0 10. 10L

*MUME DRY POWER FOR 8-2707 (GE)5 .5 AUGMENTED POWER FOR 8-2707 (PSWA)

3 V4-B277-4
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7.&le 2-&. Akw and Cemmlvnh. el Level with &Win~g Jet Svppfssioe

Fe AIPRTI S
"T TEMP IAL7TITUDE P0

5rj 11". 112.0 103.5 03.0
us5 86 0 112.5 111.5 110.0 105.0

67 W2 ~ , 112.5 111.5 106.0 .102.0

65 5 40( 109.0 1110 111.0 106.0

____ __6 __ 10&5 108.i(O 106.0 0.

4..5 AUGMENTED POWER FOR 8-2707 (P&WA)

3 STATUTE MILES

the thrust required for 500 fpnm rate of climb as
2. 1 TAIEOFF NOISE the airplane passes over the three mile point.
The noise levels predicted for the airport and The resulting altitude and engine hib t require-

cmuiyduring takeoff and climbout of the meat produce a noise level in the community at
B-2707 International (675, 000 lb gross weight) the three mile point of 100pNdB (GE Suppression)
and the B-2707 Domestic (575, 000 lb gross and B8PNdB (Boeing Suppression) for the B-2707
weigh), for a number of airport altituidets and (GE) International airplan at 675, 000 pounds
ambien2At taue eniin aarersve n s taresoffgrs a id h 04 0 PNdB ( SprSup.)
abient-tempertue enion aatrerse nze taeofrssi anwe4 igh (Bnd n 10 upprdessionSp

and In Table 2-B for the Boeig suppressors. for the B-2707 (P&WA) international airplane at
The ommunity noise levels shown are based on the same gross weight. The decrease in airport
a mauimum augmented thrust takeoff with a thrust noise with Increase in ambient temperature and
reduction that results in an unacoelerated rate of airport altitude Is the result of changes in twoclimb of 500 !pmn at a point mne statute mile beyond Jet engine parameters: 1) Jet velocity and 2)
the departure end of the runway. The thrust Jet density. The increase in cormmunity noise
reduction Is smooth beginning several seconds with increase in ambient temperature and airport
before reaching the three mile point, thus achieving altitude Is the result of changes in 1) engine jet



velocity and density and 2) reduced climb-out duration of the noise and for the presence of
rate and therefore reduced altitude over the discrete frequency noise in the total noise spoc-
community ... tum Thmethod-use -].itrA-cPdua ..-..

seconds is given in Ref 1. Use of a sonic inlet,
The changes In airport and community noise levels and fan duct acoustic lining in the case of the
as functions of takeoff power and airplane gross turbofan engine, reduces the discrete frequency
weight are shown in Figs. 2-1, and 2-2, for the content of the noise; climbout at increased speed3 airplane equipped with jet suppressors as pro- minimizes the effect of time duration. As a
vided by the engine manufacturer and in Figs. consequence, the noise exposure contours calcu-
2-3 and 2-4, for the airplane equipped with Boeing lated in PNdB seconds are not appreciably different
jet suppressors. The large reductions in both from noise contours calculated In PNdB directly
airport and the community noise levels afforded wnder the flight path. However, sideline noise does
by the Boeing jet suppressor are readily apparent. increase when measured in PNdB seconds because

of the correction factor for time duration. The
The noise exposure contours below and to the side predicted noise level contours (PNdB) for the
of the airplane takeoff flight path resulting from B-2707 (GE) and B-2707 (P&WA) International
standard noise abatement techniques on a standard airplanes equipped with Boeing suppressors arc

day are presented in Figs. 2-5 through 2-12. The presented in Figs. 2-13 and 2-14. The reduction
predicted noise levels are in units of both PNdB in lateral spread of the noise as well as the abso-
(Figs. 2-5 through 2-8) and PNdB seconds (Figs. lute noise level is apparent.
2-9 through 2-12). Units of PNdB are based on
the maximum noise heard by the observer regard- 2.2 LANDING APPROACH
less of time or direction of the noise. Units of Approach noise one mile -from the end of the run-
PNdB seconds are based on the maximum instan- way with the airplane flying a 3-deg glide slope
taneous PNL with correction factors for time ILS approach is tabulated In Table 2-C. For a

Table 2-C. Landing Noise Levels

LANDING COMMUNITY NOISEO, PNdB

AIRPLANE WEIGHT SEA LEVEL SEA LEVEL 2,000 FT ALT 4000 FT ALT
1000 LB 59OF 86,F 520F 4P

B-2707 (P&W) * 420 111 112 112 113

* 420 115 116 116 117

*400 111 112 112 113
400"' 115 116 116 117

B-2707 (GE) *430 108 109 109 110
.**430 112 113 113 114

*410 108 109 109 110

'* 410 112 113 113 114

* DECELERATING APPROACH
** CONSTANT SPEED

/ SM
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standard-day at nmilmn landing weight, the 2407 (GIB) or B-2707 (P&WAI airplane $se Fig.
PYlL tWprdl&lW to 14 I1I7NS and 113 P11dB 2-19). Thna b& noise levels are the resulta o,-
for the S-2107 (GE) and B-2707 (P&WA) airplan mear sonic conditions In the Wnet, aoustlc trea-
respectlvely. Th. use of a sock Inlet and treated Ment In the Uis discharge duct,. sad reduce.. j"Bt
'douct i o uoes ePNlL and roeos the mawyk ulcties frem the engine, allijns With variable.
am* factor commonly couaeoted wit the presence are 1Wlt In the znilum-throat OitioO, which
of- itwne is the noWh rm I 0rmalW came for ginOa oprations, the

-~ tyschdulnga maximum nousle throa arma at eia aitaljlrti hti aisii hi
laitthe Ja velocity is, loWered,-a thurducing throat Mach number tar. abou 08 fAtbo -this Is

the lowv frqancy noise to a level where it will below scatj. fLow, tests have shnna tha Wint oise
not be a rolem. Is attenated 102 or moe at these velocities

The ois leels elo aWto M 4de -f th. ax-, (Par. 4.2 and Ut. 2)., Jet velocities are lot'
Thenoie eves blo an toth sie o te ti~- heawm* of th on taulplgi oncept used on both

plan tufdngaproach path for. &3 deSp gle - engines at rodmaced p=er The taxi noise levels
slopeF~g. 2-1 thrugh 48 k' ar baasd'on a tai trs requinuie t f percent

both airplaes. N oise contours inuunits~ of P of the gross night of the airplan.
(Figs. 2-15 and 2-18) and P140 seconds (Fis.L
2-17 and 2-18) ame shown. Bease ai the Am.tMITNAC MNP
time dutnm durig landing Sarac fly-over, bsg
the maxdmum MR40 seconds noise level directly ~ 1 apce hta oemltnpe ss
xusr the flgt pea toi less tha th nos c~ur will-up beI~or .*ut ed for ox-

Litd i unts:of ~dB Alo &waat wo oins tn~din i iat high power.' 'round
kn'thad Inunit of e P nois. A vlso ha t woul Pbet prnjp sqpnesgps offering 2140 noise reduotin

* i th ~omam~ty ar nose eves tat oul be will be-avalablt. Wit tWeir use, the maimum
GOtenped df the etglaee were not s#pprqased., - U~ic-r eeere ta itneo

* ln)Pronment ~~ItW ft from -the eqgine duringmaiuage-
Salon ot onWIra tu leve but Aso will be 9O P1N4 with the GE 4IJ3IP engine

-. btintensce pwersonnl stitlcnM at-necessary
U0the adrplan durln suchi runup.

2.3 0ROUNk4PEEAT~N8-
Noie mte es~tttg to~i g Oudper4i"Oanea levels (8914 in excess of; 149dB nor to speech

airor ten~~a(latCO.) rM 000044 with Interference level (BIL)aov 130dM. A plot
theseprea Mo.f "mwawc "With lut sAbonw of fthe Mwplse noise levels for both erglas
Jet- :.' 04U00 Muxlmo VNL's aog m ti shown in Fig.. 2-20.. The predicted spectra

-W.~ ft Ow4 t-tg ** gjvf'p 1 *n of for 1,500 ft and) for the near field'v&re shown
taxi wit aw. etu*ml 11; Pt4 i for Eifthr the in Fig. 2-21.

V4-B27O1-4
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3~ ~. 0 '.NIN OS CHRCEUIS

~~~~~~~~~CHARACTERISTICS fo taugtecmrsoanfnnte

The unsuppressed noise levels predicted for the suppression contributig to the total PNL roduo-'] I GE 4/J5P and the P&WA JTF17A-218 engines tions shown are discussed in See 4. 0 of this book.
are presented in Figp. 3-1 and 3-2 for points
directly beneath the Rlight path as a function. of The suppression iIncluded in Figs. 3-1 through 3-4

ftinflight thrust setting. Also shown are the pro is the Boeing prediction for the engine and
dioted suppressed noise levels discussed in nozzles supplied by the two engine manufacturers
Par. 2.2. Two altitudes are shown. The 400-ft as well as the predicted suppresson for the jet
altitude Is a direct result of applying the SAE suppressor Boeing will -have available for the
noise prediction procedures. The 1, 500-ft B-2707 production airplane. The inlat noisea U altitude noise data allows Interpolation of noise suppression achieved by use of a sonic throat in
levels at other flight altitudes, the Boeing propulsion aft Wnet is also inckided.

(The increased sound suppression with the now
Figures 3-3 and 3-4 show ground noise for points GE , two-stag, ejector nozzle is not included).U3 1,500 ft to the side of the runway as afunction of This amount of suppression. is consistent with the

- 5 ground- thrust setting. -Tables 3-A -and-3-B1 show -installed propulsion-performanee and weight wsed
noise spectra Predicted for seven specific engine In-the B-2707 peformance.
operatons: 1) mazlnnim augmentation, 2) max-

AnJuIuin-rypowerfor -the--uE/J&P-- _E)GINV VOSXKSUEO
cent of maximum dry power for the P&WA Th nt environment around the airport and
JTF17A-21B engine, 4) noise abatement outback in the community during takeoff, -climboiat andI thrust for the 675,.000 lb International B-2707, landlng epproach manteuvers has been predicted
5) noise abatement cutback thrust for the 575, 000 for th 1-27(17 (GE) and 13-270.7 (P&WA) gir-'
lb domestic B-2707, 6) landing approach thrust, plaim5. This -noise enviroment w~pwditdW31and 7) taxi thrust. The engine operating con- using the following procedures- Maximum noiseIditions were chosen becavse of their significance levels at points on the ground below and to the.in airplane oeaos. .. side; of -the-flight path--were-calculated according --

to the standard procedures In Refs 3, 4,1 5, andAI The noise levels presented In Figs. 3-1 through 6S. The calculation procedure assumas a gr .adal
3-4 and Tablens 3-A and 3-B have been predicted chang in noise attenuation will distance when,
using 1) the standard SAE procedures outlined in going from. ground-to-ground propagation to
Ref 3 for jet noise calculation and 2) tho pro- air-topccind propsgation. The effect of four'8 'I cdrsotindI e o omrs~ rfn engines aNd their orientation with respect to the
noise calculations. Figure 3-5 is a reproduction listener as the aircraft takes off is also included.
of a curve from Ref 4 showing the relationship This in done by adding 3 dB to the single engine's-

ii ~between engine compressor or fan parameters and noi8 duiring ground rol and gradually IncreasingI noise level of the fundamental discrbte frequency the Increment to 6 dB as the airplane elevation
geaerated by the compressor or fan. The method angle increases. These transition effects are
of Ref 4 toidentical withthat used by Pratt j assudto becompleteby the time the angle
Whitney. The General Electric method requires frbm, aircraft to listener has Increased to 20 deg
engine compressor data not avrllable at Booing, with respect to the ground. When several noist

acurces contribute to the noise level at a point
on the xround, as shown schematically in Fig. 3-4

3.2 SUPPRESSED ENGINE NOISE a composite spectrum to determined according toICHARACTERN.TICS Ref 3. This composite spectrum is then dsed to
The effects of compressor, fan, and jet noise compute the maxln~m perceived noute level
suppression devices on predicted engine noise contours corresponding to given engine paxameters3, I levels are shown in Figs. 3-1 through 3-4 and and flight path variatious.

IL V4-DW807-4
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U4.0 ENGINE NOISE SUPPRESSION DEVELOPMENT

The noise suppression characteristics applied to teristics of the B-2707 with either of the offered
the GE 4/J5P and P&WA JTF17A-21B engines engines. This program, based on 15 years of
have been determined by many acoustic tests run noise suppression research and development,
on J-75, JT8D, and JT3D engines and on the has yielded significant new information for
one-eighth scale models of the exhaust nozzles suppression of augmented propulsion systems.
of the two proposed engines. (The increased
noise suppression with the new GE, two-stagenozzle ejector Is not Included.) A number of Jet wake noise suppression con-

figurations havb been studied and have been
4.1 EXHAUST NOISE SUPPRESSION. tested model scale. One configuration tested

yields up to 8 PNdB reduction. This configura-
4. 1. 1 Engine Manufacturers' Exhaust Nozzles tion can be installed In the divergent portion of
The exhaust noise characteristics of the GE 4/J5P the ejector shroud of the exhaust nozzle. The
and P&WA JTF17A-21B engines were determined reduction in airport-community noise exposure

by means of tests in the Boeing acoustic model afforded by this suppressor is shown in Figs. 4-4
jet facility. One-eighth scale models of the two and 4-5. Pictures of the scale model suppressor
engine exhaust nozzle configurations were built configurations adapted to the GE4/J5P and P&WA
and tested at several design operating conditions, JTF17A-21B engines are shown In Figs. 4-6 and
including after burning. The nozzle configura- 4-7. The suppression characteristics of this
tions tested are shown in Figs. 4-i and 4-2. suppressor are given In Figs. 4-8 and 4-9.
The noise suppression resulting from these
nozzle-ejector combinations was determined
from comparison with results from standard More advanced suppression concepts developed
round nozzles as required by the procedures by Boeing have demonstrated the potential to
established in Ref 3. The jet noise suppression reduce noise levels by as much as 15 to 20 PNdB.
obtained with the P&WA JTF17A-21B nozzle Suppressors incorporating these concepts will
configuration was 4 PNdB at maximum augmen- require more extensive treatment of the primary
tation and 3 PNdB at maximum dry thrust. The engine and nozzle system. This study is being
jet noise suppression obtained with the GE 4/J5P conducted in a company-funded research program.
nozzle configuration was 1 PNdB at maximum Figures 4-4 and 4-5 show the reductions in air-
augmentation and 2 PNdB at maximum dry port and community noise levels that would
thrust condition. The jet noise suppression result from use of such suppressors.
Boeing has used to predict the suppressed noisejJ levels of the B-2707 airplane is shown in Fig. 4-3.
The suppression for the August submittal by As a result of the above suppression studies,
General Electric w!th the new two-stage ejector Boeing feels that a jet suppressor yielding
nozzle, may be found in the Appendix. Further 10 PNdB suppression at maximum augmented
discussion of engine manufacturers' suppression thrust on the GE Turbojet and 8 PNdB on the
objectives may be found in Engine Airframe P&WA turbofan, is feasible for the B-2707 pro-
Technical Agreement, D6A30193-1 (GE), and duction airplane. Boeing will work closely with
D6A10199-1 (P&WA). the engine contractor to develop this suppressor

and insure its compatability with the engine-
4.1.2 Boeing Exhaust Nozzles airplane configuration. The predicted airport
In addition to the noise suppression studies and community noise reduction for this suppressor
carried out on the nozzle-ejector combinations is also illustrated on Fig. 4-4 and 4-5. Adjust-
offered by the engine manufacturers, Boeing has ments in thrust and weight have been included in
also conducted an intensive noise suppression the performance of the B-2707 in order to
research and development program to define determine the correct altitudes and thrust for
methods of further Improving the noise charsc- noise prediction in the community.

V4-B2707-4
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i Propulsion Report, V2-2707-12, and Refs 7 - - I7 -t>.
and 8 contain a more detailed report of the 4 -

lBoeing noise suppression program._ - ------- .

accomplished by producing a sonic throat in 1ZJI the inlet during operttod In which 6600resor W : I I

contribute to the overall noise leveL The sonic 1. _ .4 I I
throat I obta by the -- eLIdy
t oapointwhereairflowthroughtheiWet 1 20 2 30 3 . 40, /K 5o 6 o
reaches sonic velocity.. ..-..........t.d -..... i .
the compressor noise suppression afforded plom ..p4 I jotJgSu -p.aa

I through application of the sonic throat principle
in the Inlet of- a J-75 turbojet engine (Fig. 4-10
and Ref. 9). this test the J-75 was fitted
with a SST-type inlet complete with slinlated Be has.con d, ,S - e- ies to
evpanded centerbody. The effeot of the dertine.te fesbilty s.acsay t
throat on the discrete frequency compressor fa disatha d teuate discrete fre-.

noise generated by the J-75 engine: is hA in ii
Fig. 4-11. Predted unuppreasedGE4/J5P q-ency vRo. Rot f l e A a J5D8 e

S and P&WA JTF17A-21 DInet n~Aop_ ha

been superimp on the J-75 spectra to .- ew -As much as B . -AB a on-si af -

and P&WA JTF1IA-21Binlet noiSobtpictr hash 0 in.~ s o areatieat.o fds~
betwee the SW e-gnes and the J5. iotZ_ oatded , p o .
tion of the discrete frequency spikes present i the teat and the results may be found in . 10.

the SST engine spectra will result in a possible d
3 r Fa u O a M s a d is h a le d u ts , a o e & s b s a n ia

Additional testing has been conducted at Boeing attenuation due to the liner _0ig 4m- .ZI).
on a 5-in. diameter model inlet to ka nine near
sonic as well as sonic oondition both it would appear from, t e test _ at de

'1 simulated flight and static conditios.. Figure frwfly nbil from the fit *t P be Mt.6-...
4-12 shows the effect of inlet mach number on 10 to 15 do by us-eof smotical abrte
the suppression as determined from this test. material fitted within th present desg of the
The-sonic-condltion-shows-are&dtoutn-nose---- --.. F-1-7A-IB-mha emddtiluppression -

level of 40 dB. Simulated airplane speed had no should also be possible through proper fan design.
measurable effect on the suppression achieved
by the sonic throat. A detailed report of the test Pratt and Whitney has guaranteed a 15 dB reduc-
and the results may be found In Ref 2. tion from the predicted fan discharge noise levels

produced by the - JTF1IA-21B engine.
4.3 FAN NOISE SUPPRESSION It is eapected that this suppression will be achleved
The noise generated In the fan section of a turbo- by (1) proper fan design for minimum noise gen-
fan engine and propagated rearward through the eration and (2) acoustic treatment of the fan dis-
fan discharge duct has the same noise intensity charge duct wall to attenate the discrete fre-
as that propagated forward through the inlet. quency fan noise as It is propagated through the
Suppression of this noise is therefore essential duet. This reduction has been used in the calcula-
if substantial total noise reduction is to be achieved. tion of the B-2707 (P&WA) airplane noise levels.

B0
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5.0 ACTIVITIES PLAN

The airport and community noise activities plan 5. 1 NOISE SUPPRESSION DEVELOPMENT
has as its objective the acceptance of the B-2707 Boeing's noise suppression development will be
into its airport environment from a noise stand- continuous through Phases III, IV, and V to ensure
point. To achieve this objective the activities plan airport compatibility of all versions of the B-2707
includes: with all airports from which it will operate.

a. Continuation of compressor, fan, and jet 5. 1. 1 Jet Noise Suppression
noise supression studies. Jet noise suppression will include analysis of jet

noise generation and suppression. Model and full
b. Evaluation of suppression techniques pro- scale testing of various nozzle and ejector shapes

posed by the engine contractor, will be conducted. The objective of these studies
will be to establish suppressor optimization rules

c. Evaluation of engine noise data supplied by which suppressors can be designed to give
by the engine contractor, maximum sound reduction for the least thrust loss

and weight penalty. This effort will be integrated
d. Application of proven suppression tech- with the engine contractor's studies to obtain the

niques to the SST. optimum jet suppression on the engine.

e. Analysis of noise from the Prototype and 5.1.2 Compressor Noise Suppression
Production Engines. Compressor noise suppression studies will be

directed primarily to the optimization of suppres-
f. Analysis of noise from inflight operations sion through control of airflow through the inlet.

of the Prototype and Production Airplane. Sonic and near sonic flow conditions created
through expansion of the inlet centerbody will be

g. Development and evaluation of noise con- examined to assure maximum compressor inlet
tours for airports. noise attenuation for all ground and flight

operations.
h. Examination of methods of airplane opera-

tion to reduce noise levels. 5. 1.3 Fan Noise Suppression
Fan noise suppression studies will include inlet

1. Examination of the human response to airflow control investigations as described in
aircraft noise. Par. 5. 1. 2 with additional studies on suppression

of discrete frequency noise generated by the fan and
The responsibility for these activities is assigned propagated down the fan discharge duct. Absorp-
to the Acoustics Unit of the Electrodynamics Staff tive studies will continue in conjunction with the
reporting to the Chief of SST, Technology, Boeing engine contractor's noise studies to help design
SST Division, with support from the Propulsion absorptive linings and acoustic Impedance mis-
Staff, the Aerodynamics Staff, and Flight Test. match devices for reducing downstream noise
(Refer to Program Management, VS-B2707-8. ) propagation.
The airport and community noise activities plant
will be executed in accordance with the program 5.2 AIRPORT NOISE STUDY
schedule shown in Fig. 5-1. The airport noise study currently being conducted

will be expanded to include other airports, both
Further work plans are contained in the Detail domestic and foreign. B-2707 engine-airplane
Work Plan, V5-B2707-4. Control of the program noise characteristics will be monitored continu-
will be maintained through the use of detailed and ously. The pattern of noise complaints in airplane-
surtmary PERT networks and periodic status noise sensitive areas near airports will be studied.
reporting. These activities are consistent with Methods of reducing the noise problems through
Integrated Test Program, V4-B2707-11. noise suppression and noise abatement techniques

V4-B2707-4
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on the engine and airplane will be investigated, and working. These studies will explore the
These methods will be recommended to the FAA, effects of noise on sleeping, reading, communica-
the airlines, and the airport operators when their tions, concentration, task performance etc.
use could result in alleviation of noise. Airport
and community noise report will be prepared in c. Derivation of relationships between
accordance with the data list. community complaints and past aircraft noise

exposures. These studies will identify significant
5. 3 SUBJECTIVE REACTION PROGRAM correlation between aircraft type, flight procedures,
A current Boeing research program to study the noise characteristics, weather, season, time of
subjective effects of noise is divided into three con- day, airport topography, etc., and relevent corn-

current efforts: munity complaint data.

a. Studies of psycho-acoustical perception 5. 4 TEST SCHEDULE
and scaling, Emphasis is on the relationship be- The test schedule planned to ensure B-2707 com-

tween subject judgements and the physical vari- pliance with airport and community noise guarantee

ables of sounds (e. g. octave band spectrum, dis- includes:
crete frequency components, duration, and doppler
effects). a. Tests on model scale jets to develop jet
effct),noise suppressors.

b. Examination of jet aircraft noise as

potential interference with present modes of living

FISCAL YEAR 1967 1 1968 1969 1970

CALENDAR 1966 1967 1968 1969 1970
YEAR I I

I NO. 1 100 HOUR
SUBMIT 90% PREPRODUCTION COMPLETE BASIC PREPRODUCTION PROTOTYPE FLIGHT

MAJOR PHASE III PHASE PROTOTYPE PREPRODUCTION PROTOTYPE FIRST DEMONSTRA
MILESTONES PROPOSAL III STRUCTURE RELEASE PROTOTYPE RELEASE ROLL OUT FLIGHT TION

4 -~ 4 4 CMPLETE
JASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDI I I I I I I I I 7 7 7 I I I I I I I I I I I I I I I I I I I I l i I -TI I | I

COMPLETE SERIES II
COMPLETE TEST;NG COMPLETE TESTING TESTING ON ACOUSTIC
OF SERIES I MODEL ON SERIES II MODEL LINING ON LARGE SCALE
JET SUPPRESSORS JET SUPPRESSORS FOR ENGINE

NOISE_ ____

SUPPRESSION
DEVELOPMENT ,

COMPLETE TESTING COMPLETE SERIES I COMPLETE TESTING COMPLETE FINAL
OF SERIES I LARGE TESTING ON ACOUSTIC ON SERIES II LARGE DEFINITION OF
SCALE JET NOISE LINING ON LARGE SCALE SCALE JET NOISE ENGINE NOISE
SUPPRESSORS FAN ENGI NE SUPPRESSORS SUPPRESSORSI I

ARRUPDATE NOISE EXPOSURE CONTOURS AND AIRPORT LAYOUTS
-- ~AIRPORT F'F ' '

COMPATABILITY
STUDIES

COMPLETE PRELIMINARY
DEFINITION OF PROTO-
TYPE TAKEOFF/LANDING
NOISE CHARACTERISTICS

Figure 5-1. Progroi Schedule
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b. Ground Tests on large scale and full The prototype will be used to determine the ground
scale engines to provide. verification of model scale and flight noise characteristics of the B-2707
test results, engine-airplane configurations with noise suppres-

sion devices developed to that time. The first
c. Large scale tests of the sonic throat production B-2707 will be used to show compliance

principle, with guaranteed noise levels for both ground and
flight operations. These noise levels will be

d. Large scale tests of fan discharge determined through a series of takeoff, flyby,
acoustic liners for dincrete frequency attenuation, landing approach, and static ground operations of

the B-2707. Measurements will be made around
e. Flight tests to ensure adequate noise the engine, under the flight path, and at specific

suppression of selected noise suppression devices distances to the side of the flight path to ensure that
during low-speed flight operations. no significant data points are missed. Extensive

use will be made of computerized data reduction
and analysis techniques. FAA recommended pro-

Technical knowledge gained by the Boeing Company cedures will be used for instrumentation calibra-

in making community noise measurements of its tioh, data acquisition, and data analysis when
family of jet transparts will be utilized in estab- such procedures are appropriate.
lishing procedures for testing and for data analysis All test results obtained during the course of the
of the B-2707. Activities Program will be documented as each

series of tests is completed. All documentation
will be made available to the FAA, the airlines,
and the airport operators.

V4-B2707-4
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ADDENDUM

SUMMARY REPORT - 8 AUGUST 1966 ENGINE PERFORMANCE DATA
The foregoing document is based upon engine performance

da"a received prior to 15 July 1966.
Because there was insufficient time available to completely

revise the B-2707 performance after receiving the 8 August 1966 firm
technical engine data, the following summary is provided to show the

major effect of the firm data on the airplane performance shown in the
Phase III proposal docunents. Only the most important figures have

been provided herein.
If additional or supplemintal data is needed, a request to

The Boeing Company, SST Division, will receive immediate attention.
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SI SE ION1. 0
INTRODUC JN AND SUMMARY

-_- - -Thle -Lg- mSSTPr-o6 spr-eparez on WeUss ofe--n
technical data received prior to July 15, 1966. On August 8, 1966, firm

fl technical data was received from General Electric and Pratt & Whitney
Aircraft which differed in some respects from the data received prior to
July 15, 1966. The purpose of this addendum is to describe the significantidifferences and to summarize effects on performance of the Boeing Model
2707 airplane.

F- All information in the proposal is based on the July 15, 1966 engine data with
the exception of the Phase III Proposal Summary, V1-B2707-1, Propulsion
Report - Part C, Engine Evaluation, V2-B2707-14, and this addendum. These
documents are based on engine data received from the engine manufacturers

Ai as of August 8, 1966.

U1.1 ENGINE DIFFERENCES

A The General Electric GE4/J5P engine data received on August 8, 1966, pro- .
vided lower airport and community noise levels for all engine operating con-

____ n.-Teselowe 1V~14we h ven f ?eAdnignoL _exhaut____
nozzle and noise suppression data obtained from J-93 engine testing. Acoustic

fl data provided by General Electric also Indicated reduced turbine noise from
that being predicted by Boeing for the GE/J5P engine. These changes pro-
vide significantly improved takeoff anai approach noise for the B-2707 (GE).
An improvement in transonic thrust was also provided. Updated installed
engine weight, including optional equipment has resulted in a 112-lb weight
increase for the GE4/J5P engine installation. Engine changes have not affected[the installed pod configuration.

In the case of Pratt & Whitney Aircraft JTF17A-21B engine, a 2-percent
[J reduction In specific fuel consumption (SFC) at esEentlally all operating con-

ditions was the principal change. This Improvement reduces B-2707 (P&WA)
fuel consumed over the design mission and lowers the reserve fuel require-
ments. Updated installed engine weight including optional equipment has
resulted in a 190-lb weight increase for the JTF17A-21B engine Installation.
Engine changes have not affected the installed pod configuration.



1.2 AMPLANE MPRKANCE
MW major-fects-000 '4b e egino hangaon airplne perfornance are

~ tleintefta-ton-&fn-27o7 with a maimumi~
d$~s tad wigh ofIS5 000 lb a. it Table 1-4 for the domestic airplane

witha m~hrzm esin txi eIgh of 575, 000 lb. The improved hot day
ruPg capabitiy and noise obaracteristico of the B-2707 (GE) are apparent,
M IS t0A iproved rage capaIt of teB-2707 (P&WA).

P,



I Tob~akI-A. P~rfrmwc*. hqv Che w.,Indro#ui Miss Se,

B-2707 (GE) 'B-2707 (ft&WA)
Maiu ib MJuly 16i Atli, 8,: fiy 15, A"g,

__ axium axi Gross Weig~~ 1I~00)1 lbi__1__ 96

- Operational Empty Weight lb 287,50 2 87,500 285 000 285,760

:1 * ~~~~Range with 50, 000 lb Ta load , .. 81 389373 388

IStandard Day, n mi _0

Standard Day + I0 0 C, nrnl 3,471:. 3j,580 3,40 3,547

Standard Day, nmi 3,980 3,286 3,882 3,950
3 _0.104 oq!#i-e

Maximum Augmented Thrust

IStandard Airport Noise 121 117 117 117
Day Community Noise:

3g cat 0. 595 CR 100- 96 10510
Ug gat 0.615 CR 99 96 104 10d

I Standard Airport Noise 121 117 117 117
Day ~ Comm unity Noise

+ 15 0 C cg at 0.595 CR 105 102 110 110

Landing Aoproach Noise, PN4P
Standard Day

I Landing Weight, lb 430,000 430,000 420,000 420,000

- 20 0/40' Cgat0. 595 CR 105 115 115

Flaps j og at0. 615 CR 111 103 114 114

300/50, cg at 0. 615 Cli 113 107 } 1816

Decelerating Approach 108 9811

3



Table 1-8. Performance Changes, Domestic Mission

Domestic Domestic
B-2707 (GE) B-2707 (P&WA)

July 15, Aug. 8, July 15, Aug. 8,
Maximum Taxi Gross Weight = 575, 000 lb 1966 1966 1966 1966

Basis Basis Basis Basis

Operational Empty Weight lb 275,500 275,500 273,000 273,760

Range with 50, 000 lb Payload

AP = 2.0 psf Climb; 1. 5 psf Cruisemax

Standard Day, nmi 2,450 2,465 2,442 2,493

Standard Day + 100 C, nmi 2,295 2,368 2,268 2,307

M = 0. 85 Cruise

Standard Day, nmi 2,571 2,571 3,042 3,100

Takeoff Noise, PNdb Maximum Dry Thrust 80% Maximum
Aug. Thrust

Standard Airport Noise 117 115 114 114

Day Community Noise
cg at 0.595 CR  99 93 103 103
cg at 0.615 CR 98 92 102 102

Standard Airport Noise 116 114 114 114
Day 0Community Noise

+15°C cg at 0. 595 CR  107 99 108 108

Landing Approach Noise, PNdB
Standard Day

Landing Weight, lb 410,000 410,000 400,000 400,000

20 /400 cg at 0.595 Cg 112 104 115 115
Flaps eg at 0.615 CR  110 102 114 114

0/500
30 cg at 0.615 CR  112 106 116 116
Flaps _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

Decelerating Approach 108 98 ii 111

4



SECTION 2.0
ENGINE CHANGES

2.1 PERFORMANCE

2. 1. 1 General Electric GE4/J5P Engine
A 6-percent improvement in transonic thrust was provided as well as increased
transonic hot day thrust by means of higher engine rpm and increased airflow
for an incremental 50-lb weight increase. Figure 2-1 shows the change in
hot day transonic thrust for a 2.5 PSF sonic boom overpressure climb path.
Reduced transonic inlet drag due to lower bypass airflow is also shown.

2.1.2 Pratt & Whitney Aircraft JTF17A-21B Engine
The two percent SFC reduction for the JTF17A-21B engine at all power
settings except idle power is listed in Table 2-A for important B-2707 oper-ating points. This improvement is provided as a result of increased com-
ponent efficienctes demonstrated in primary burner, duct burner, and nozzle

component development programs.

2.2 INSTALLATION
Pod configuration and external contours for both engine Installations are
unchanged. The final installed pod weights for both engines Including added
weight for optional equipment are listed in Table 2-D.

2.3 NOISE
The noise characteristics of the JTF17A-21B remain unchanged frt- '.Iu '
data presented in the body of the Boeing SST proposal. Ti, 0',' , oi the
discussion concerns the GE4/J5P engine.

2.3.1 Engine Noise Characteristics GE4/J5P
The engine noise characteristics of the GE4/J5P engine have been predicted
from the engine data and jet noise suppression as supplied by General
Electric. Additional engine noise suppression achieved through Inlet choking
by use of the sonic throat principle as describ-d in the Airport and Community
Noise Program report, V4-B2707-4, has also been included. The jet noise
suppression values used in the calculation of noise levels for the GE4/J5P
engine are shown in Fig. 2-2. These values have been determined by General
Electric through acoustic tests that have been conducted on a J-93 engine.

, 5
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Table 2-A. JTF17A-218 Perfe~~c Swo suary

Power Pressure Mach Wet JUIY-1-966 Aujut-i 6

setting Altitude Temperature No Thrust

max
Augmented 0 -Std 0 586,740 1.86 1.:83

Max Non-ilAugmented 0 -td0 36,490. 0.77'07

MaxUAugmented 45,000 Std 1. 2 19t6 30,, 1.41L

max

HAgetd 45,000 StA + 10 C L.2 1842 .0019

uAugmented 85,000 Std '2.7 15,000, 1.57 1.54
Par"iaIAugniemted 66,000 Std +10 c 9.61 is 1, 000 1.66 1.03.

vg&*tial Non.
Aug~.neL.a640 Sdo.85- so,000 -1.7 W .6

U Partial Non-
Augmented 15, 000 Std 0.5 5,000 1.10 1.08.



2.3.1 (Continued)

The unsuppressed noise levels for the GE4/J5P engine for ground and flightoperations are shown in Figs. 2-3 and 2-4. Also shown in these figures arethe predicted noise levels with all suppression included. The effect of theopen-nozzle concept wherein the nozzle throat area is maintained on a maxi-
mum area schedule is included in the suppressed noise level predictions. Thepredicted noise spectra for a series of engine operating conditions have also
been predicted and are presented in Table 2-C.

Noise levels beneath and to the side of the airplane flight path have beendetermined from the revised noise data. These levels have been integratedinto contours of Perceived Noise Level for takeoff. These contours are shown
for the B-2707 (GE) international airplane in Fig. 4-12 and the B-2707 (GE)
domestic airplane in Fig. 4-14.

The landing noise characteristics of the B-2707 (GE) have changed signifi-cantly due to the noise data presented on August 8, 1966. These data indicated
that turbine noise would not contribute significantly to the total noise from theairplane even at landing approach power settings. Boeing had been predicting
very significant noise increases due to turbine noise contribution. The pre-
dictions were based on the J-75 engine acoustic test results. Since the GEdata were obtained on an engine more closely resembling the SST turbojetoffering, these data should be more representative of the noise characteristics
of the SST engine. Therefore the B-2707 landing noise levels have been
revised to conform to the August 8, 1966 data inputs. The results of these
revisions are shown in Figs. 4-17 and 4-18.

8



~~.M

I~C 2~~l -6. InlledA Po Weight

B-27.07 (GE) B-2707 -(P&WA) *__

En~gine weight 11,125 9910-

lOptioinl equipment 112 730

Ttl11,237 10,640

w net 2,070 20485

Cowl PaWMla

Forward 325 2

IAft 150

Structur 405

Miscellaneous 3I 5

Total 14,312 13.866

27

H .a j77~7~I~ - -- -

rKUT 100 160

Fig.,. 2-2. Preaced Gff/JSP At Hole Supprssio
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SECTION 3. 0
AIRPLANE WEIGHT EFFECTS

The Airframe Design Report - Part A, Weight and Balance, gives anOperating Empty Weight breakdown of the GE and P&WA powered airplanes.
Table 3-A lists these comparative weights as they are modified by thej] August 8, 1966 engine data and other related airplane changes.

The 760-lb weight change in the P&WA powered airplane increases the
Manufacturer's Empty Weight, Operating Empty Weight and Zero Fuel
Weight of the following P&WA powered airplanes:

I] a. 635, 000-lb gross weight design point airplane

11 b. 675, 000-lb gross weight production international airplane

c. 635, 000-lb gross weight prototype airplane

d. 575, 000-lb gross weight production domestic airplane

l
U



TABLE 3-A

OPERATING EMPTY WEIGHT

GROUP GE P&WA

Engines 44,950 42,560

Nacelle 12,300 12,900

Horizontal Tail 20,400 20,460

Engine Accessories - ADS 1,100 1,160

Anti-Icing and Anti-Fogging 280 310

Starting System 400 430

Fuel System 7,406 7,510

(1)
Hydraulic System 3,600 3,420

(1)

Body Structure 47,300 47,220

Other 1 49,770

Operational Empty Weight 287,500 285,760

(Max. design taxi weight 675, 000 lb)

Original Operating Empty Weight 287,500 285,000

Weight Change 0 +760 lb

(1)Includes effect cf ram air turbine - B-2707 (GE) only

14



SECTION 4.0
AIRPLANE PERFORMANCE

The effect of the changes in engine data on the standard day payload-range
capability are illustrated in Fig. 4-1 for the international B-2707 and
Fig. 4-2 for the domestic airplane. As noted, there is no significant effect
on the standard day range of the B-2707 (GE). The improved specific fuel
consumption of the Pratt & Whitney Aircraft engine results in slightly less
than 2 percent increase in range. The effect of temperature changes from
standard clay on range are shown in Fig. 4-3 for the B-2707 (GE) and Fig.
4-4 for the B2707 (P&WA). There is no change for the B-2707 {P&WA) curve
since the effect of temperature on the engine data did not change.

Figures 4-5 and 4-6 show the off-loaded supersonic range capability and
corresponding transonic thrust margins for the airplanes. The range per-
formance with a mixed subsonic and supersonic mission Is shown in Fig. 4-7.
Figures 4-8 and 4-9 show fuel, time, and distance breakdowns for a nominal,
standard day, intercontinental mission at a maximum sonic-boom overpressure
of 2. 5 psf for both airplsnes.

Summaries of takeoff performance, using maxmum augmented thrust, are
shown in Figs. 4-10 and 4-11. The significant change in takeoff performance
is in the airport and community noise of the B-2707 (GE). The changes in
noise characteristics are shown in more detail by the noise contours around

the airport in Figs. 4-12 through 4-15.

The noise data shown on the preceding curves are based on the engines as pro-
posed by the engine contractors with the use of a sonic throat in the inlet at
reduced powers. With the Boeing noise suppressor, the August 8, 1966
General Electric engine data have resulted in an additional 1 PNdb reduction
in the airplane's noise characteristics at maximum augmented thrust. Noise
contours with the Boeing jet suppressor are compared in Fig. 4-16 for the
B-2707 (GE).

The only change in landing performance for the airplanes caused by the
changed engine data is in the approach noise for the B-2707 (GE) as shown in
Figs. 4-17 and 4-18. Figure 4-19 shows the B-2707 (P&W) landing performance.

7. 15
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Max. Design
Taxi Weight -675, 000 lb 0=23 ALTmU.000 FT
OEW =287, 500 lb ALT=6Y,00FT
Payload =50, 000 lb
Wing Area = 9, 000 ft2  CLIM 2 S 0 ESEN
Engine GE4/J5P AMX25PFCUS LM
Airflow 620 lb/sec 16 S

Std Day, Zero Wind
Phase III Rules0 (D D
Block Time = 3. 290 hr0
Block Fuel = 292,181 lb Weight At

Fuel Fuel End of
Burned Rlemaining Operation Time Distance

1. Taxi-out 4,060 333,440 070,940 0.167 -

2. Takeoff (gea level to 35 ft) 4,150 329,29 am6,790 01010 -

3. Acceleration to climb Rpeed 4,790 324,500 662,000 0.024 5.0

4, Departure air maneuver allowance
(256 kts EAS & 5, 000 ft) 4,000 320,500 658,000 0.0673 -

5. Acceleration and climb 81,400 238,800 576,600 0.411 337

6. Supersonic cruise climb 186,791 52,309 389f809 2.112 3271

7. & 8. Deceleration and descent
(cruise altitude to 1, 500 ft) 2,330 49,979 387,479 0.333 206

9. Destination air maneuver
(Approach & Landing Allow-
ance, 250 kts EAS at 5, 000 ft) 2,940 47,039 384,539 0.083 -

WT = WNT at (8) = 5% block fuel

10. Taxi-in (1, 720)* 0.083 -

TOTAL MISSION 290,461 3.290 3819

Reserves
A. 5 percent block fuel 14,609 369,930

B. Missed approach (climb
sea level to 1, 500 ft) 2,510 367,420

C. Climb from 1, 500 ft subsonic
cruise, descent to sea level 20, 070 347,350
at altn (300 st mi)

D. 20 nin hold at 15, 000 ft
over alternate 9,850 337,500

TOTAL RESERVES 4ELM3

TOTAL FUEL 337. 500

*Fuel burned not included In mission fuel; for D.O0. C. only

Figure 4-8 0-2 707 (GE) International Supersonic Cruise Mission

23

" T T.7



Max Iesign
Taxi Weight 675, O00 lb M 2.7
OEW 285,7(10 lb ALT - GI,0 FT ALT.- 68,10X FT
m'ylomd 50, 000 .lb CLIMBDESEN
Wig Area 9, (000 sq ft tP MAX v7. PS ECNWriginrea :- 9 00nqR CRUISE CLIMB PA

I'ngIne PWAJTFI7A-21B 1.X -PAX
Wn  6 7 u b/sec PMAX 1.87 PSF 0

Stl ay, Zero Wind L,Pha,(me llules @(

BIlock Time :3.400 hr
Illh.k FIel 297, M90 lb Weight At

Fuel Fuel End of
Burned Remaining Operation rime Distance(1b) (lb) (lb) (bhr) (nmi)

I. TnxI-mit 2,880 336, 360 672,120 0.167

2. Takeoff (Sea level to 35 t) 4,385 331,975 667,735 0.010

:1. Acceleration to climb speed 4,880 327,095 662,855 0.1)43 10t[

4. llepirture air maneuver allowance
(250 ktm FAS & 5,000 It) 3,160 323,935 659,695 0.067

5. Acceleration and ellmh 95,400 228,535 564,29.) 0.1b70 422

6. Supernonle crulne climb 181,626 46,909 382,669 2.051 3,180

7. & H. Deceleration and descent
(erilse Altitude to 1,1)00 It) 2,070 44,839 3H0,599 0.326 196

9. IDxtinntion air maneuver

(Apprnach & lAnding Allow-
Anee, 2510 kin FAS at 5,000 It) 2,234 42,605 378,365 0.083
WT -T at (8) - x, block fuel

10. TXtI-in (1, 255)* 0.083
Tr(YrA . M!NOON 296,635 3.400 :1,808

!lb. p.'~j,

A , n w r'tent blitek fuel 14,895 363,470
II. kM1 '-' ii nMlprth (cillmh

peol to I 14,111 Ft) 2,200 361,270

itt froom I, 51 I mulmonle
I.., 1h'nle .n t) ell level

At all" (1011 "1 InT) 17,670 343,600
I). 20 ir In hold lit I,0m ft

over lternate 7,8M40 335,760

TOTAI, R REIVFH 4260

TOTAl. Ft'EI.

I'-iil litlinliil neit t0 htdI hAI) in mimslim 'ruel; for I). ). C. only

Figure 4-9 B-2707 (P&WA) International Supersonic Cruise Mission
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